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ABSTRACT 
Coprecdpi.tat:lon studies were carried out for the more insoluble 
salt& of six common metals and five anion systems. Three metal sulfides, 
namely, CuS, CdS and NiS 1 were the only metal salts studied that indicated 
~arly complete coprec:lpitation with phenolphthalein as carrier precipi-
tat~. These same salts showed almost no coprecipitation with ~-naphthol 
as c.arr1er prec.:Lpitate. Solvent extraction of CuS with chloroform 
showed no significant amount of extraction had taken place. The data 
obtained in this work did not disclose any relationship between the ex• 
tent of coprec:lpitfltion and the solubility product constant of the salt 
pres~nt. The main difficulty encountered at this stage in the work was 
th~ fact that high enough anion concentrations could not be obtained 
for sy~tem~ other than the sulfide system due to the limitation of the 
twlub1.H_ ties of their anion sources. 
nus,, CdS 1 and NiS might have been coprec:Lpi tated by physical en-
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I. INTRODUCTION 
Mitchell and Scott (1) in 1947 employed a-hydroxyquinoline, tannic 
acid and thionalide as mixed precipitants for quantative coprecipitation 
of trace quantities of cobalt, nickel, molybdenum, and others, in the 
presence of aluminum oxinate as the carrier precipitate. 
1 
Kuznetsov and coworkers (2, 3) 1954 to 1957 were the first to use 
purely organic materials as coprecipitants. They reported the coprecipi-
tation of certain metal organic complexes (chelates) with water insoluble 
organic compounds such as ~-naphthol and phenolphthalein. By applying 
this technique they succeeded in the coprecipitation of the desired metal 
ions out of extremely diluted solution. 
Tappmeyer (4) in 1961 noted that the extent of coprecipitation of 
certain metal organic complexes is affected by the concentration of the 
chelating agent and by the pH of the solution, and was largely independ-
ent of the concentration of metal ion initially present. He related 
quantitatively the degree of the coprecipitation to the stability con-
stants of the metal chelates • the ionization constants of the chelating 
agent used, the pH of the solutions and a number of other factors. 
None of the aforementioned workers has reported any work done on 
the coprecipitation of inorganic metal salts using purely organic copre-
cipitants, except that Tappmeyer (5) noted some coprecipitation for 
certain metal sulfid~, with the materials described above. 
Two mechanisms have been suggested for metal organic ligand copre-
cipitation; namely, that of an entrapment of neutral molecules in the 
coprecipitant; and that of a type of solid phase extraction (3). 
However, none of these two mechanisms has been verified experimentally. 
Inorganic metal salts might be expected to coprecipitate also, by one 
of these two mechanisms. 
In this connection, the magnitude of the solubility product con-
stant of the metal salt is a vital piece of information. If the con-
centration of the metal ion and the anion present is of such a magnitude 
that the solubility product constant is exceeded, then one might expect 
some coprecipitation even though there was no visible evidence of a 
precipitate. 
2 
In the light of the above, data for several different concentrations 
of metal ion and anion is needed to determine the effect of ion concen-
tration on coprecipitation. 
Extension of the above data may help elucidate the meaning of the 
solubility product constant. There are a number of investigators who 
tend to believe that there is a range of concentrations of metal ions 
and anions such that full molecules of insoluble metal salt are present, 
but still have not formed a visible precipitate. These molecules might 
show some tendency to be coprecipitated. 
Data for six different metals and five inorganic anion species and 
their relatively insoluble salts were obtained and correlated in an attempt 
to answer some of the above questions. 
3 
II. LITERATURE REVIEW 
The investigation on the use of coprecipitation in the determination 
of trace quantities of certain elements was started as early as 1943 by 
Scott and Mitchell (1). 
It was not until 1954, however, that V. I. Kuznetsov (2) employed 
purely organic molecules as the carrier precipitates for the selective 
coprecipitation of trace quantities of certain desired elements. If an 
element is capable of forming complex anions, then a salt of an organic 
cation which has low solubility, high molecular weight, and which con-
tains the same anion that was used for forming the complex anion of the 
element should make good carrier precipitates. Kuznetsov used as an 
example, the coprecipitation of Zn(CNS)4, an excess of a large organic 
cation such as methyl violet to form (methyl violet) 2 Zn(CNS) 4 . By the 
addition of an excess of NH4CNS it forms insoluble (methyl violet) CNS 
which acts as the carrier precipitate to bring down the (methyl violet) 2 
Zn (CNS) 4 . He alleged that from a volume of 100 ml. , 1 Jl gm. of zinc was 
completely coprecipitated. This same method has another phase of appli-
cability wherein an element may form a complex cation such as 
++ 
M(o- phenanthroline) 2 . In this case the reagent used for forming the 
carrier precipitate must be a source of heavy organic anions. 
For the coprecipitation of certain metal chelates, Kuznetsov used 
"indifferent coprecipitant" molecules that have little structural simi-
larity to the chelating molecule. He observed that the use of 
8- hydroxyquinoline for the coprecipitation of nickel at a dilution of 
1:107 was invalid. When, however, an alcohol or acetone solution of 
S -naphthol was added as a coprecipitant, complete coprecipitation of the 
4 
nickel took place. On pouring those alcoholic solutions into water the 
dissolved coprecipitant separates out as a precipitate and entraps the 
complex to be coprecipitated. Kuznetsov and co-workers carried out exper-
iments using a number of different coprecipitants, including phenol-
phthalein, ~-naphthol, m-nitrobenzoic acid, p-hydroxynaphthoic acid, etc. 
He pointed out that finding the proper carrier precipitate for a particu-
lar experiment was largely a matter of trial and error although he 
thought that it might be somewhat desirable to have the coprecipitant as 
nearly like the complexing agent as possible. He used the expression 
11 extraction with solid solvents" for this "indifferent coprecipitation" 
(3). It seems essential that for successful coprecipitation there should 
be the greatest possible similarity between the coprecipitant and the 
substance which is to be precipitated. When dealing with solubilities 
of substances, the usual rule is that 11 like dissolves like". In a 
similar fashion one formulates the rule "like coprecipitates like". The 
likeness implied here is not so much of crystalline structure as it is 
of bonding type, (i.e.) molecules that are highly non-polar in character 
or that possess large non-polar segments are likely to be attracted by 
other molecules possessing non-polar characteristics. Thus, if a metal 
ion is complexed with a relatively large organic molecule it is very 
probable that it will be coprecipitated with another organic molecule. 
Kuznetsov (3) attempted to show the similarity between liquid extraction 
and solid coprecipitation. He complexed 5 ~gm. of Cu++ in 250 ml. of 
aqueous solution with 8-hydroxyquinoline, and used diphenyl oxide 
m.p. 27°C at different temperatures, one below and the other above its 
melting point. In one case he held the temperature above 27° as he 
added the diphenyl oxide and obtained an aqueous suspension, while in 
the other case he worked at a temperature below 27°C and obtained imme-
diate precipitation of diphenyl oxide. The amount of copper extracted 
from the solutions was the same in both cases. 
Although Kuznetsov and his co-workers suggested that their proce-
dures could be considered as "solid state extractions" no detailed in-
vestigation of the factors influencing the coprecipitation has been 
presented. 
Tappmeyer (4) in 1961 compared coprecipitation using purely organic 
coprecipitants with that of solvent extraction. He used aluminum 
oxinate, s -naphthol and phenolphthalein as the main organic coprecipi-
tants, and the four chelating agents, dithizone, oxine, thionalide, and 
cupferron for complexing trace quantities of nickel, cobalt, copper, 
molybdenum, lead, cadmium, silver and bismuth. Those chelating agents 
are shown by Tappmeyer to exhibit considerable variation in their 
tendencies to be coprecipitated. He showed also that the extent of co-
precipitation of certain metal complexes is very much affected by the 
concentration of the chelating agent at a given pH, and was independent 
of the amount of metal ion initially used, at least up to a concentra-
tion of approximately 1 mg. of metal ion in 200 ml. solution. He also 
ne>ted that the degree of the completeness of coprecipitation is related 
to the stability constants of the metal complexes which in turn is a 
factor rather parallel to the solubility. Furthermore, he pointed out 
that generally if the solubility of the metal complex exceeded 1 x 10-S 
moles/liter, under given conditions, that the particular metal complex 
was very incompletely coprecipitated. The same worker when comparing 
coprecipitation and solvent extraction, found that the factors governing 
5 
6 
solvent extraction are almost the same as those governing coprecipitation. 
As an example, he showed that the per cent coprecipitation and solvent 
extraction of cobalt, copper, and molybdenum oxinates using 5 ml. 
chloroform and 0.25 gm. phenolphthalein was the same. 
Tappmeyer and Pickett (6) further concluded that the extent of co-
precipitation is not largely dependent upon the method of adding the 
carrier precipitate, and that the metal chelates that were coprecipi-
tated well by certain organic carrier precipitates were also extracted 
to a large degree with organic solvents such as chloroform. 
A survey of the literature did not reveal any investigation done on 
purely inorganic metal salts using the same organic coprecipitants. 
To further explore the validity of some of the conclusions stated 
above, information was needed concerning the coprecipitation of purely 
inorganic metal salts by organic coprecipitants. In the light of this 





Reagent grade crystals of MnCl 2-6H20, (NHq.) 2Fe (S04~ 6H20, CuS04, 
SH20, NiCl2"6H20, Cd(N03)2.4H20 &Jh• \vNO~. were used with distilled 
water and or 0.1 N H2S04 to prepare stock solutions of the above contain-
ing in each case 0.1 mg. of metal ion per 1.0 ml. of solution. Other 
reagents used were placed in solution either in distilled water or car-
bon tetrachloride. 
Working curves for each metal ~ constructed plotting concentra-
tions of the metal ion versus absorbancy. 
The starting metal ion concentration was 200 fJ gm. of the metal ion 
in 100 ml. of aqueous solution. In the case of Ag+, a maximum of 40 IJ gm. 
in 100 ml. of solution was used. The metal ion concentrations measure-
ments were made colorimetrically using a Beckman Model "B" Spectro-
photometer, and the pH measurements were made by means of a Beckman 
Zeromatic pH meter. 
. F ++ M ++ C ++ d N.++ ' A preliminary test us1ng e , n , u , an 1 1ons was per-
formed to indicate the degree of interference of one metal ion upon the 
other metal ions when mixed together and ran colorimetrically. Into four 
250 ml. beakers, the following metal ions and their concentrations were 
added: 200 llgm. of Fe++ to all of the beakers, 500 f..L gm. of Cu ++ to the 
second, third and the fourth beakers, SOC 1J gm. of Ni++ to the third and 
fourth beakers, and 500 fJ gm. of Mn ++ to the fourth beaker. Absorbancy 
measurements were made for Fe++ in the four beakers. The same mixing 
procedure was carried on for the other metal ions. 
The degree of interference was shown to be negligible in case of 
Fe++, Mn++, and cu++, but it was shown to be appreciable when Ni++ is 
added to any of the others. 
8 
A. The Sulfide System 
A trial experiment was first performed to examine the possibility 
of coprecipitation of a mixture of three metal ions, Fe+t-, Mn+t-, and 
- ++ l;u 
In 600 ml. beakers, 3000 ~gm. of Mn++, 600 ~gm. Fe++, and 600 ~gm. 
(- ++ 
..,u J were added to 200 ml. of doubly distilled water. The solution was 
9 
buffered using 2 ml. of 99.9 per cent acetic acid to which a ten per cent 
solution of sodium acetate was added to obtain the desired pH. 10 ml. 
of saturated solution of thioacetamide was then added and the solution 
was boiled for ten minutes. Ten ml. of a ten per cent by weight, phenol-
phthalein solution in ethyl alcohol was then added to the aqueous solu-
tion. Upon this addition, a large amount of finely divided phenol-
phthalPin precipitated and this was left overnight to ensure coagulation 
and facilitate filtering. The solution was then filtered, and the 
filtrate was boiled down to a volume of 20 ml. Wet ashing by the use of 
ternary acid mixture (5 ml. concentrated HN03' 2 ml. concentrated H2SO4 
and 2 ml. concentrated HC104) was then performed, and the final volume 
was made to 50 ml. in a volumetric flask. This was divided into three 
t>qual portions. The concentration of the three metal ions, . ++ ++ Fe , Mn , 
j -· ++ anu ;_:u was determined calorimetrically, one on each portion. 
3000 !lgm. of M:n++ originally added, 2700 !.tgrn. was coprecipitated 
indicating 90 per cent coprecipitation. CuS showed 92 per cent 
coprecipitation and FeS showed 15 per cent coprecipitation. 
Out of 
Since the stabilities of MnS is not as great as FeS, it seemed 
strange that MnS was coprecipitated and not FeS. In order to document 
the above, additional data were obtained using only one metal ion at 
a time. 
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To a 100 ml. of distilled water in a 250 ml. beaker, 200 ~gm. of the 
metal ion was added. The solution was buffered using 2 ml. of 99.9 per 
cent acetic acid and ten per cent solution of sodium acetate, and the pH 
was adjusted to the desired value. Ten ml. of a saturated solution of 
thioacetamide was added and the soltJtion was boiled for ten minutes. 
F.ive ml. of 10% by weight phenolphthalein in alcohol was then added and 
the solution left to age overnight. In these samples the filtrate was 
not wet ashed since evidence was present to indicate that the dissolved 
phenolphthalein did not appreciably interfere in the colorimetric 
determination of the metal ion present. Determination of metal ion con-
centration which remains in solutioo was carried out colorimetrically. 
For other determinations ~-naphthol was used to replace phenol-
phthalein as the carrier precipitate. In these cases the solutions were 
stirred while adding the carrier precipitate, and these fluffy precipi-
tates were then filtered after a few minutes. In all series of samples 
for a given metal, one sample was al~ays run without the addition of the 
inorganic anion, but otherwise follo~ing the above procedure. 
Data for NiS, FeS, CuS, MnS and CdS are shown in Table I. 
Data for the detection of Ni~ calorimetrically in the presence of 
phenolphthalein indicated some intet"ference on the part of phenol-
phthalein. Thus., the data for the NiS system must be analyzed with 
that in mind. 
The concentration of the sulf:i.de ion for a given metal ion at any 
desired pH is calculated as follows: 
~j_S"") (H+J2 
[HzS J sat. 
__ ~ .x K2 [H2s)sat. 
[n+]2 
For example: 
[ S"~ J = 
[1.3] [lo-20 ] [O.l] 
• [H+] 2 
[s=] at pH = 3 is, 
(1. 3) ( lo-20) (lxlo-1) 
(lo-3) 2 
K1 = 1. ox1o· 7 
K2 = 1. 3xlo-13 
1. 3 X 10•lS 
Effect of [s=] on Coprecipitation. A saturated solution of H2S in 
wat<:-'r was used as [s=] source. The previous procedure was followed 
except that different aliquots of H2S (saturated solution) were added 
"tl7hich contained varied concentratiros of [s=]. No heating was required. 
nata for Cuti and CdS are shown in Table II. 
11 











The Sulfide· System <Mm Sn) 
[ H+] [ s-·J [w+JID[s--]n 
10-3 1. 3xlo-15 (3.57xlo-5)(1.3xlo-15) 
= 4.64 x 1o-20 
10"4 1. 3xl0" 13 (3.57xlo-5)(1.3xl0-13) 
= 4.64 x lo- 18 
lo-4 0 (3. 57x10-5) (O) 
= 0 
10-5 1. 3xlo- 11 (3.57xl0-5)(1.3x10"11) 
= 4.64 x 1o-l6 
lo-6 1. 3xlo- 9 (3.57xlo-5)(1.3xl0-9) 














TABLE I (cont.) 
Carrier Metal ion Ksp Per Cent 
Precipitate and [H+] rs--] [M++Jm[ s-- ]n Coprecip-
Concentration Ref. 10 itation 
++ 10-3 1.3xlo- 15 (3.64xl0- 5)(1.3xl0- 15) l. 4xl0-15 phenol- Mn (200~gm./100ml. 
phthalein solution) = 4. 73 X 10-20 10.0 
" 
10-4 1.3xl0-l3 (3.64xlo- 5)(1.3xlo- 13 ) 
= 4.73 x lo-18 12.5 
" lo-4 0 (3. 64x 10-5) (O) 
= 0 2.5 
" 10-5 1. 3xlo-ll (3.64xlo- 5)(1.3xl0- 11 ) 
= 4. 73 x 1o-16 13.5 
" 
10-6 1.3xl0- 9 (3.64xlo-5)(1.3xlo- 9) 
= 4. 73 X 10- 14 11.0 
\..o.) 
Carrier Metal ion 
·+-Precipitate and . H J 
Concentration 










TABLE l (cont.) 
[ --, s .; (M++]m[S--]n 
1. 3xlo-17 (3.13xl0-5)(1.3xl0- 17) 
= 4.06 x 10-22 
1. 3x1o- 15 (3.13xlo-5)(1.3xlo-15) 
= 4.06 x 1o-2o 
1. 3xlo-13 (3.13x1o-5)(1.3x1o-13) 
= 4.o6 x lo-18 
0 (3. 13x1o-5) (0) 
= 0 
1. 3x1o-ll (3.13x10- 5)(1.3x10-ll) 
= 4.06 X 10-16 
-9 (3.13xlo-5)(1.3xl0- 9) 1.3xl0 
















Carrier Metal ion 
Precipitate and [H"1 
Concentration 





TABLE I (cont.) 
t_s--] Kw1\m[S --] n 
1. 3xlo-15 (1.78xl0-5)(1.3xl0-15) 
= 2.31 x 1o-2o 
1. 3xlo- 13 (1.78xl0-5)(1.3xl0-13) 
= 2.31 x 1o-1a 
0 (1. 78x1o-5) (O) 
= 0 
1. 3xlo-11 (1.78xl0-5)(1.3xl0- 11 ) 













Carrier Metal ion 
Precipitate and [ R+] 
Concentration 





TABLE I (cont.) 
[ s-; tf M++'J(m (s- -1 n 
1.3xlo-17 (3.39xlo-5)(1.3xlo-17) 
= 4.41 x lo-22 
1. 3xl0 -l3 (3.39xl0-5)(1.3xl0-13) 
= 4.41 x 1o-18 
0 (3. 39x1o- 5) (O) 
= 0 
1.3xlo-11 (3.39xl0-5)(1.3xl0-11) 













Carrier Metal ion 
Precipitate and (H+] 
Concentration ---' 
13-Naphtho1 ++ (20(ll gm. I 100ml. 10-3 Fe 





TABLE I (cont.) 
'. [s--, U..M++Jm(s--Jn 
. .I 
1. 3xlo- 15 (3.57x10- 5)(1.3xlo-15) 
= 4.64 x 1o-20 
1. 3x10- 13 (3.57xlo-5)(1.3xl0-13) 
= 4.64 x lo-18 
0 0 
1. 3x10-ll (3.57xl0-5)(1.3x1o-11) 
= 4.64 x 1o-16 
1. 3xlo- 9 (3.57xlo-5)(1.3x1o-9) 














Carrier Metal ion [(H+J Precipitate and 
Concentration .... ~...;; 










TABLE I (cont.) 
Is--"· ' J ' 
..:;._ i 
(M++Jf~s--Jn 
1. 3xlo-15 (3.64xlo-5)(1.3xlo-15) 
= 4.73 x 1o-2o 
1. 3xlo-13 (3.64xl0-5)(1.3xlo-13) 
= 4.73 x lo-18 
0 0 
1.3xl0-ll (3.64xlo-5)(1.3xlo-11) 
= 4.73 x 1o-16 
-9 (3.64xlo-5)(1.3x1o- 9) 1. 3x10 
= 4.73 x 1o-14 
1.3x1o-17 (1.78x10- 5)(1.3x1o-17) 
= 2.31 x 1o-22 
1. 3xlo- 15 (1.78x10- 5)(1.3x1o-15) 
= 2.31 x 1o-20 
1. 3x1o-13 (1.78xl0-5)(1.3x10-13) 



















Carrier Metal ion 
Precipitate and ru+J 
Concentration 













TABLE I (cont.) 
[s--J [M++jm[s-l n 
0 0 
1. 3xlo-ll -5 -11 (1.78x10 -l~l.3x10 ) 
= 2.31x10 
1. 3xlo- 9 (1. 78xlo-5)(1.3xlo-9) 
= 2.31 x lo-14 
1.3xlo-15 (3.13x10-=~~1.3x10-15) 
= 4.06xl0 
1. 3xlo- 13 (3.13xl0- 5)(1.3xl0-13) 
= 4.06 x 1o-17 
0 0 
1. 3x1o-ll (3.13x1o-5)(1.3x1o-11) 
= 4.06 X 10- 16 
1.3x1o-9 (3.13x10- 5)(1.3x10- 9) 


















Carrier Metal ion 
Precipitate and [H+] 
Concentration 








TABLE I (cont.) 
[s--] (M++Jm[S--Jn 
1. 3xlo- 17 (3.39x1o- 5)(1.3xlo-17) 
= 4.41 x lo-22 
1.3xlo- 15 (3.39xlo-5)(1.3xlo- 15 ) 
= 4.41 x 1o-2o 
1. 3xl0-l3 (3.39x10-5)(1.3x1o-13) 
= 4.41 X 10-18 
0 0 
1. 3xl0-ll (3.39xl0- 5)(1.3xl0- 11 ) 
= 4.41 x 1o-16 
1.3xlo- 9 (3.39x1o-5)(1.3xlo- 9) 
= 4.41 X 10-15 
K sp 
Ref. 10 












Carrier Metal ion 
Precipitate and 
Concentration 









Effect of [S--] on Coprecipitation 
K 
[H+] [s-] [M++]m[s=]n sp 
Ref.lO 
.316xl0 -2 1. 3xl0 - 21 (3.13xl0-5)(1.3xl0-21 ) S.Oxl0-45 
= 4.07 x 1o-26 
.316x10 -4 1.3xlo-17 -5 -17 (3.13x10 )(1.3x10 ) 
= 4.07 x 1o-22 
.316x10 -4 1. 3x10-16 -5 -16 (3.13x10 )(1.3x10 ) 
= 4.07 x 1o-21 
-4 1. 3x10 - 15 (3.13x10-5)(1.3x1o-15) .316x10 
= 4.07 x ro-20 
.316x10 -4 6.5xl0- 15 -5 -15 (3.13xl0 )(6.5x10 ) 
= 2.03 x ro-19 
-4 1. 3x10 - 14 -5 -14 .316x10 (3.13xl0 )(1.3xl0 ) 
= 4.07 x to-19 
10-4 1. 3xl0 -l 3 -5 -13 (3.13xl0 )(1.3xl0 ) 














B. The Fluoride System 
To a 100 ml. of distilled water in a 250 beaker, 200~ gm. of the 
metal ion was added. The solution was buffered with 2 ml. of 99.9 per 
cent acetic acid to which a ten per cent solution of sodium acetate was 
added until the desired pH was obtained. One gm. of NaF was then added 
to each beaker and dissolved completely. Five ml. of ten per cent by 
weight solution of phenolphthalein in alcohol was then added, and the 
solution allowed to stand overnight. The filtrate was then analysed for 
the concentration of the metal ion left not coprecipitated. Five ml. of 
ten per cent by weight solution of ~-naphthol in alcohol was substituted 
for phenolphthalein in other runs. 
The concentration of the fluoride ion is calculated as follows: 
Total [ F J added = 0.238 mole/liter 
HF ~> H+ + F-
[ a+JLK:l = 6. 9 x 10-4 
[HF] 
t p-j TIHF1 = 
K. = 6.9 x lo-4 
1 
L F- ) + [. HF]\ = total[ F-J added = 0. 238 mole /1 
[HF] = 0.238 ·[F-) 
6.9 x lo-4 
[H+J 
The results for the fluoride system are shown in Table III. 
Carrier Metal ion 
Precipitate and 
Concentration 
phenol- Fe ++(200j..Lgm. /lOOml. 
phthalein solution) 
II 








The Fluoride System Mm(F) 
[It] [F-] [M++j [F-] 2 
10- 3 9.7xl0 -2 -5 -2 2 (3.57xl0 )(9. 7xl0 ) 
= 4.68 X lQ-8 
10-4 -1 -5 -1 2 2.08x10 (3.57xl0 )(2.08xl0 ) 
= 1. 55 X 10-6 
10-2 -2 (3. 13xHr-:2.)-(1. 5 3xl0 - 2) 2 1. 53x10 
= 8. 36 X 10-4 
10-4 -1 -5 -1 2 2.08x10 (3.13x10 )(2.08x10 ) 
= 1. 35 x to-6 
10-6 2.37x10 -1 -5 -1 2 (3.13x10 )(2.37xl0 ) 
= 1. 75 x 1o-6 
10- 2 1. 5 31t10 -2 -5 -2 2 (3.63x10 )(1.53xl0 ) 
= 8.50 x to-9 
10-4 2.08x10 -1 -5 -1 2 (3.63x10 )(2.08xl0 ) 
= 1.57 x to-6 
10-6 2.37x10 -1 -5 -1 2 (3.63x10 )(2.37x10 ) 































++ Mrt (20~gm./100ml. 
solution) 
TABLE III (cont.) 
[M++][F-) 2 
K 
[H+J [F-] sp 
Ref. 8 
10 -3 9w 7xl0 -2 -5 -2 2 (1.78xl0 )(9.7xl0 ) 2.86xl0 -4 
= 1.67 x to-7 
10-4 2.08xl0 -1 -5 -1 2 (lw78xl0 )(2.08xl0 ) 
= 1.11 x to-7 
10-5 2.35xl0 -1 -5 -1 2 (1.78xl0 )(2.35x10 ) 
= 9.79 X I0-7 
10-4 -2 -5 -2 2 2.08xl0 (3.57xl0 )(2.08xl0 ) 
= 1.55 x Io-6 
10-5 -1 -5 -1 2 2.35x10 (3.57xl0 )(2.35xl0 ) 
= 1.95 X 10~ 
10-3 ---"9. 7xl0-2 -5 -2 2 (3.13x10 )(9.7xl0 ) 
-7 
= 2.83 x to-7 6.40xl0 
10-4 -2 -5 -2 2 2.08x10 (3.13x10 )(2.08xl0 ) 
= 1. 35 x to·6 
10-4 -2 -5 -2 2 2.08x10 (3.63xl0 )(2.08xl0 ) 3 




















++ Mn (200~gm./100ml. 
solution) 





















-5 -1 2 (3.63x10 )(2.35xl0 ) 
= 1. 98 x 1o-6 
-5 -2 2 (1.78x10 )(2.08x10 ) 
= 7. 71 X 10-7 
-5 -1 2 (1.78x10 )(2.35x10 ) 
= 9.79 x lo-7 
-5 -1 2 (3.39x10 )(2.35x10 ) 
= 1.87 X 10-6 
-s -1 2 (3.39x10 )(2.37x10 ) 


















C. The Chloride System 
Silver was the only metal used in this system because of its well-
known insolubility in water. Different concentrations of the metal ion 
and the anion were used. 0.7 gm./1 of NaCl (Reagent Grade) was used as 
the source for the chloride ion. + Ten ~m. of Ag were added to each of 
four beakers containkg 100 ml. of O.lN H2S04. Then 1, 2, 3 or 4 ml. 
aliquots of the chloride ion solution were added to the beakers 
respectively. Additional samples containing 40 ~m. of Ag+ and higher 
concentrations of chloride ion were also run by the above procedure. 
Table IV tabulates the results for the coprecipitation of AgCl. 
Carrier Metal ion 
Precipitate and 
Concentration 










The Chloride System Mm(Cl) 
[ Cl -/] [M+]~a-] 
1. 2lxlo-4 (9.24xl0- 7)(1.2lxl0-4) 
= 1.12 x 1o-1o 
2.4lxlo-4 (9.26xl0- 7)(2.4lxl0-4) 
= 2. 24 X 10-10 
3.62xlo-4 (9.26xl0- 7)(3.62xl0-4) 
= 3.35 x 1o-1o 
4.83xl0 -4 (9.26xl0- 7)(4.83xl0-4) 
= 4. 53 X 10-10 
2.4lxlo-4 (3. 70xlo-6)(2.4lxl0-4) 
= 8. 94 X 10-9 
4.83xlo-4 (3. 70xlo-6)(4.83xl0-4) 
= 1. 99 X 10-8 
1. 93xlo-3 (3.70xl0- 6)(1.93xl0-3) 

















D. The Hydroxide System 
The anion formation in this system is pH dependent, thus requiring 
adjusting the pH of the aqueous solution with great care. The required 
pH values were calculated for the formation of the given metal hydroxides 
from their solubility product constants. 
200 ~m. of the metal ion was added to 100 ml. of distilled water 
and the solution was buffered with 2 ml. of 99.9 per cent acetic acid 
and ten per cent by weight sodium acetate solution. The pH was then ad-
justed to the required value at or above which the metal hydroxide should 
be a stable molecular species. Five ml. of ten per cent by weight 
phenolphthalein in alcohol was then added. In separate runs ten per 
cent by weight solution of ~-naphthol in alcohol was substituted for the 
phenolphthalein. The concentration of the metal hydroxide left in solu-
tion was determined, colorimetrically. 
Table V indicates the results for the attempted coprecipitation of 
the metal hydroxide at various pH value. 








++ I Mn (200~grn. lOOrnl. 
solution) 
II 
++ Cu (200~grn./100rnl. 
solution) 
TABLE V 
The Hydroxide System Mm(OH) 
pH [oH:J [ M++] [oH-] 2 
10 1 10-4 (3.57xl0- 5)(10-4) 2 
= 3.57 x lo-13 
9 10-5 (3.57xl0- 5)(l0-5) 2 
= 3.57 x lo- 15 
8 10-6 (3.57x10-5)(10- 6) 2 
= 3.57 x lo-17 
7 10- 7 (3.57x1o-5)(1o-7) 2 
= 3.57 X lQ-19 
7 10-7 (3.125x1o- 5)(1o-7) 2 
= 3.13 x lo-19 
6 10-8 (3.13xlo-5)(lo-8) 2 
= 3.13 x 1o-21 
4 10-10 (3.13xlo-5)(1o-10) 2 





















































10-11 (3.13xl0-5)(l0-11) 2 
= 3.13 x 1o-27 
10-12 (3.13xl0-5)(10-12) 2 
= 3.13 x to-29 
-5 -5 -5 2 0.316xl0 (1. 78x10 )(0.316xl0 ) 
1. 2xlo-14 = 1. 78 X l0-16 
10-5 (3.57xl0-5)(10-5) 2 
~ 3.57 x to-15 1. 6xl0-15 
10-6 (3.57xl0-5)(10-6) 2 
:::: 3.57 X 10-17 
10-7 (3.57xl0-5)(l0- 7) 2 
= 3.57 x to-19 
-5 -5 -5 2 0.316xl0 (3.64xl0 )(0.316xl0 ) 
7.lxlo- 15 == 3.64 X 10-16 
10-5 (3.64xl0-5)(10-5) 2 



































TABLE V (cont.) 




10-8 (3.13xl0-5)(l0-8) 2 
5.6xl0-20 = 3.13 x 1o-21 
10-lO (3.13xl0-5)(10-10) 2 
= 3.13 X l0-25 
.316xl0 -5 -5 -5 2 (3.13xl0 )(.316xl0 ) 
= 3.13 X 10-26 
10-ll (3.13xl0-5)(10-11) 2 
= 3.13 x lo-27 
10-12 (3.13xl0-5)(10-12) 2 
= 3.13 X 10-29 
10-5 (1. 78x10-5)(10-5) 2 
1. 2x10-14 = 1. 78 X l0-15 
10-6 (1.78x10-5)(10-6) 2 


























TABLE V (cont.) 
[OR] [M++] [OH] 2 
10-9 (3.39x10-5)(10-9) 2 
= 3.39 X 10""23 
-9 -5 -9 2 
.316x10 (3.39x10 )(.316x10 ) 












E. The CarboLate System 
The stock solution for the addi.'ion of carbonate ions was a solu-
tion containing 100 g/1 Na2co3 (Reage~t Grade). The same procedure as 
for the sulfide system was followed here, except carbonate ions were 
added before adjusting the pH of the solution. The carbonate ion 
present for each determination is calculated as follows· 
The amount of 1co3:1 added to the solution 0.094 mole/1 From the 
following equilibria: 
~-- ~- -H2co3 -> H + HC03 
HCO 3 2=. H+ + CO] 





4. 8 x 10- 11 
[H+] 
4.2 X 10- 7 
H+ = 
K 2 
4 2 10 -7 
. X 
4.8 ·x ·lo- 11 5 
· = 4 8 X 10-
-'-1-X_l_Q __ ..,.b-· 
4.2 X 10- 7 
1 X lO-b 
= ~co=] = .094 mole/1 
· 3 added 
[co3J = (4.8 x lo-S)[Hco3J 
[Hco3J = (4 2 x lo- 1)LH2co3] 
1co~J = (4.8 x lo-5)(4.2 x lo- 1)LH2co3 J 
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(4.8 X 4 2 X lo-6)1H2Co3'1 + (4. 2 X lo-l)[H2C03] + [H2Co31"'"' 094 mole/1 
(l-42)LH2co3 i ~ .094 mo1e/1 
IH2co3 J = .066 mole/1 
[Hc63] ~ (4.2 x lo-1)(.066) ~ 0.028 mo1e/l 
iCO)J = (4 8 x 10-5) (0. 028) - 1 30 x 10- 6 mole /1 
Following the above procedure at pH= 7, [COjl = 3 63 x 10-S 
mo1e/l. The data obtained for the carbonate system are shown in Table VI 
Carrier Metal ion 
Precipitate and 
Concentration 










The Carbonate System ~(C03)n 
H-H+] fco)-J [ M+-.- ]m [co= Jn 
't.___ __j 3 
' 
lo-6 1. 30xlo-6 (3.57xlo-5~(1.30xl0-6) 
= 4.64xl0- 1 
Io-7 3.63xlo-5 (3.57xlo-S)(3.63xlO-s) 
= 1.3xlo-9 
lo-6 1. 30xlo-6 (3.64xlo-5)(1.30x10-6) 
= 4. 73xlo-11 
Io- 7 3.63xlo-5 (3.64xlo-5)(3.63xlo-5) 
= 1. 32xlo-9 
Io-6 1. 30xlo-6 (3.13xlo-5)(1.30x10-6) 
= 4. 06xlo-11 
10-7 3.63xlo-5 (3.13xlo-5)(3.63x10-5) 

















Carrier Metal ion 
Precipitate and [ H+ J 
Concentration 




TABLE Vl (cont.) 
r co;: f M++ fl [CO) 'f 
1. JOxlo-6 -5 6 (1. 78xl0 )(1.30x10- ) 
= 2.31 x 1o-11 
3.63xl0 -5 -5 5 (1. 78xl0 ){3.63x10- ) 











Solvent Extraction. Metal organic chelates that were coprecipitated 
well with organic coprecipitants, were shown to be extracted as well by 
organic solvents (4, 6) • In the light of this, CuS extraction by 
chloroform was attempted. In a beaker containing 50 ml. of distilled 
water, lOOd.Lgm. of cu++ were added. The solution was then buffered by 
acetic acid and sodium acetate to the desired pH, and 5 ml. of saturated 
solution of thioacetamide was then added. The solution was left to boil 
for ten minutes. After cooling, the solution was extracted three times 
with 20 ml. portions of chloroform. The organic phase was then 
evaporated completely from a beaker also containing 20 ml. of distilled 
water. The concentration of cu++ extracted in the organic phase was 
determined colorimetrically. The extent of extraction was 25-30 per 
cent of the total cu++ used. These data were obtained from several runs. 
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IV. DISCU.SSION OF RESULTS 
Table I CQntains the results for the coprecipitation of the various 
metal sulfides using a common carrier. It indicates nearly complete co-
precipitation for CuS, CdS, and NiS, when using phenolphthalein as the 
carrier precipitant. Since there was an interference on the part of 
phenolphthalein in the determination of Ni++ colorimetrically, the 
results for Ni++ are not claimed to be precise. Still they reveal 
nearly complete c:oprecipitation of NiS. When the chelating agent was 
omitted in the above experiments, the extent of coprecipitation was 
always found to be insignificant. 
The alcoholic solution of phenolphthalein was always added to the 
aqueous solution Without stirring. It gave a fine grained milky pre-
cipitate that was initially confined to surface layer of the solution. 
This was allowed to stand overnight to develop a complete precipitate 
and settle to the bottom in the form of finely divided particles. 
Table I indicates the results obtained using ~-Naphthol as the 
coprecipitant. When an alcoholic solution of ~-Naphthol was added to 
the aqueous solution while stirring a bulky pre-cipitate of considerably 
fluffy nature developed. Nevertheless, the results shown in this table 
indicate a negligible amount of coprecipitation. ~-Naphthol did not 
interfere with the Ni++ determination calorimetrically. 
The results for metal fluoride system are tabulated in Table III. 
NaF was the source of F- used. Not more than 1. 0 gm. ot NaF will 
dissolve in 100 ml. of solution without showing any visible precipitate. 
The degree of coprecipitation was negligible either with phenol-
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phthalein or ~-Naphthol as coprecipitants. The solubility product con-
stants for the metals of this system were calculated from the solubility 
of each metal fluoride in 100 gm. of solution, (8) • 
In the metal hydroxide system, the pH of the solution was of prime 
importance, since its value gave the [OR] concentration. Hence, separate 
runs were tried at different pH values for all the metal ions used. In 
case of Fe++ and cu++, comparatively large ranges of pH's in the alkaline 
and acidic sides were used with the hope of tracing the pH at which the 
metal hydroxide started to coprecipitate. However, no sign of coprecipi-
tation for any of the metal hydroxides with both phenolphthalein or 
~-naphthol was observed. 
Data for the chloride system was attempted only for Ag+, since Agel 
is considered insoluble in water. Different concentrations of the metal 
ion and the anion were used. Not more than 20 per cent of the original 
Ag+ originally added to the solution was coprecipitated. For any deter-
·mination, as is shown in Table IV the effect of changing either the 
metal ion concentration or the anion concentration on the degree of co-
precipitation was negligible. 
Realizing the fact that some of the Na2C03 used as co3= source in 
the metal carbonate systemwill undergo a degree of hydrolysis in slight-
ly acidic medium, a relatively strong solution of Na2C03 was used.The pH 
of tbt solution was maintained at six or seven, due to the partial 
solubility of phenolphthalein in the basic range. There was no obvious 
emanation of co2 while adding the carbonate solution. The data con-
tained ~n Table VI indicate no coprecipitation was achieved while using 
the cola as anion. 
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In all the aforementioned systems, no visible precipitate was 
formed during or after addition of the inorganic anion to the aqueous 
solution. Also the [M +j:, [~nion]n• product was maintained equal to or 
above the solubility product constant for a given metal anion. 
Tappmeyer (4) pointed out the relationship between the degree of 
coprecipitation and solubility for a given metal organic chelate. The 
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present work was aimed at the evaluation of the above mentioned fact, to 
see if it would be applicable in the case of inorganic metal salts. The 
metal ions which were known to coprecipitate as metal sulfides were used 
at different sulfide ion concentration in order to trace the concentra-
tion at which the metal sulfide started coprecipitation. A saturated 
solution of H2S in water was prepared, and different aliquouts contain-
ing different sulfide ion concentrations were used; instead of the 
thioacetamide technique previously employed. The data tabulated in 
Table II indicate that although the (l'!*j[s=], is considerably higher 
than the solubility product constant of the metal sulfide, the extent of 
coprecipitation at a low sulfide ion concentration may be considered 
negligible. These data were obtained for Cu++ and Cd++ only, and showed 
that for a sulfide ion concentration of 1.3 x lo-15, the extent of co-
precipitation at a given pH was becoming appreciable, but did differ 
somewhat for eu++ and Cd++. 
For the metal sulfides that indicated coprecipitation, the ratio 
[ M""+J [s=]/K at the time it started coprecipitation is many folds 
. sp 
higher than that oi -CM*J! ll'AnionJn- /Ksp ratio for any other me tal anion 
system attempted. This was true because of physical limitations, mainly 
solubilities, i.n being .able to obt;:ain high enough anion concentrations 
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for other systems. This might nullify an attempt at any direct relation-
ship between the degree of coprecipitation and the solubility of a given 
inorganic metal salt. However the fact that CuS, CdS, and NiS, were the 
only salts among all the systems tried that indicated nearly complete co-
precipitation with phenolphthalein as coprecipitant, might be interpreted 
as a function of the known colloidal nature for the above-mentioned 
sult'ides. 
It was Kuznetsov (3} who suggested the two mechanisms for coprecipi-
tation; "(1} a solid phase extraction; and (2) physical entrapment of 
neutral molecules in the coprecipitant interstices." Tappmeyer (5) while 
working on coprecipitation of organic metal chelates, indicated that the 
mechanism of coprecipitation might be some sort of solid phase extraction 
rather than physical entrapment. He partially based his conclusion on 
the fact that organic metal chelates which were 11coprecipitated well by 
certain organic carrier precipitants, were also extracted to a large 
degree with organic solvents such as chloroform11 (5). On the same ground 
solvent extraction was attempted for CuS with chloroform being used as 
the organic solvent. The optimum extent of extraction was about 30 per 
cent of the originally cu++ added. 
The foregoing results indicate that the mechanism of coprecipita-
tion might be of a physical nature (i.e.) physical entrapments in the 
coprecipitant interstices. This might be augmented by the fact that 
CuS, CdS, and NiS did not coprecipitate to a significant degree with 
~-Naphthol which is assumed to have larger interstices •. 
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V • CONCLUSIONS 
The use of purely organic coprecipitants for the coprecipitation of 
trace quantities of certain metal chelates was explored (1954•1957) by 
V. I. Kuznetsov (2) and co-workers. They carried out experiments using 
a number of different coprecipitants, including phenolphthalein and 
B-naphthol·. Their choice of a good coprecipitant was largely a matter 
of trial and error. They also attempt•d to show the similarity between 
liquid extraction and coprecipitation for cu++ complexed with a-hydroxy-
quinoline, using diphenyl oxide above and below its melting point. They 
found that the amount of cu++ coprecipitated was the same as the amount 
extracted. Kuznetsov (3) suggested two mechanisms for coprecipitation; 
a solid phase extraction, and physical entrapment of neutral molecules 
of the organic metal chelates in the interstices of the coprecipitants. 
He did not mention any conclusive data relating to the factors affecting 
coprecipitation. Tappmeyer (4, 6) extended Kuznetsov' s work on both 
coprecipitation and solvent extraction, and studied the factors affect-
ing them. He concluded that "organic metal chelates which were coprecip-
itated well by certain organic carrier precipitants, were also extracted 
to a large degree with organic solvent such as chloroform". Furthermore 
Tappmeyer and Pickett (6) noted that solvent extraction of a given 
organic metal chelate is controlled by the same factors affecting its 
coprecipitation. They moreover ·related quantitatively the degree of 
coprecipitation of certain organic metal chelates to its stability con-
stant, the ionization constant of the chelating agent used, the pH of 
. the solution, and a number of o.ther factors. The· intimate relationship 
between ~opree:tp:ttat:lon a.~cl liqutcl extraetion aerved as a premise for 
Tappmeyer (6) t.o. b• pa~ttally inclined to support the "aolid phaae 
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extraction" mechanism suggested by Kuznetsov. He also noted some copre-
cipitation for certain metal sulfides-with organic coprecipitants but 
did not pursue this area in detail (5). 
This work is intended basically to explore and extend the scope of 
the possibility of coprecipitation for metal salts with organic copre-
cipitants and moreover to detect any relationship between coprecipita-
tion and the solubility product constants of a given metal salt. In this 
connection the more insoluble salts of six common metals and five 
different anion sources were employed using phenolphthalein or ~­
naphthol as the carrier precipitates. Two main factors were taken into 
consideration throughout the entire work; there was no visible precipi-
tate formed upon the addition of the anion source to the metal ion solu-
tion, and the [metal] [anion] product was held always above the solu-
bility product constants of the respective metal salts. 
The results revealed that CuS, _CdS and NiS were the only metal 
salts that indicated nearly complete coprecipitation with phenol-
phthalein as coprecipitants. The rest of the metal salts showed no 
significant coprecipitation with either phenolphthalein or 13 -naphthol. 
Moreover the effect of pH on the coprecipitation of the above mentioned 
sulfides was nil. The fact that there was no detectable coprecipitation 
in the absence of sulfide anion indicated that it was a phenomena 
associated with the sulfide system. An attempt was made to establish 
some type of relationship between the coprecipitation and the solu-
bility product constant in those cases where coprecipitation did take 
·place. Different concentrations of [S] were used with a constant con-
centration of both cd* and cu++, in order to trace the point at·which 
the coprecipitation begins. The quantitative data indicated that al-
• 
though the [M+f1)m [S']P product was always above the solubility product 
constants of the respective metal sulfides, a rs ] concentration limit 
was reached at which the amount of coprecipitation was insignificant. 
When considering the [ M+; m:[sjn/Ksp ratio at the point coprecipitation 
first started for either CuS or CdS, one can see that such a ratio is 
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+ -. n-
much higher for these two sulfides than for any other [metal] [anion]./Ksp 
ratio of the remained metal salts systems employed. The explanation for 
this limitation for the other metal salt systems lies mainly in the 
solubilities of anion sources. This limited solubility did not enable 
one to ,use high enough concentration of anions of other systems to 
approach the above mentioned ratio and thus test the overall validity 
of that ratio. . Phenolphthalein and ~-naphthol were the only carrier pre-
cipitates employed in this work. Since the main difference between the 
two coprecipitants is the considerable difference in their grain size, 
both were tried as carrier precipitates in order to determine the effect 
of the grain size on the degree of coprecipitation. The results indicated 
that metal sulfides which were coprecipitated to a large degree with 
phenolphthalein were coprecipitated to an insignificant extent with 
~-naphthol. The difference in the amount of coprecipitation caused by 
the coarse grained ·~·naphthol as compared to the fine grained phenol-
·phthalein might serve to show the importance of grain size to this 
phenomena. Furthermore it might hint at a suggestion for a mechanism 
of the coprecipitation of the above metal sulfides with phenolphthalein. 
In order to attain some complimentary results for coprecipitation of 
metal salts, liquid extraction was attempted for CuS. The maximum de-
gree of extraction was about 30% of the original cu++ added to the 
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solution. 
From the foregoing information and guided by the above stated facts 
concerning the inability of ~-naphthol to coprecipitate any metal sul-
fide and also guided by the quantitative results of liquid extraction of 
CuS; "The physical entrapment" theory of Kuznetsov seems to be the pre-
ferred mechanism. The coprecipitation of the above metal sulfides that 
did take place was undoubtedly related to the partially colloidal nature 
of these sulfides. 
APPENDIX I 
Colorimetric Procedure !£!. Cu++: 
According to E. B. Sandell (7): 
"Add 5 ml. 20% of anunonium citrate, 10 ml. of 10% sodium 
ethylenediaminetetraacetate and two drops of 0.1% cresol red indicator 
to the sample solution, followed by concentrated ammonia until the 
indicator shows its alkaline color (pH~ 8.5). Dilute to about 50 ml. 
and transfer the cold solution to a separatory funnel. Add 5 ml. of 
sodium diethyldithiocarbamate solution and shake vigorously for 1-2 
minutes with 10 ml. of chloroform. Run the chloroform extract into a 
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25 ml. volumetric flask and extract twice more with 5 ml. portions of 
chloroform. If necessary, filter the chloroform extract through a small 
paper :into an absorption cell. Measure the absorbance at 435 m1-1." 
The above procedure was mainly followed except that there was no 
need for the EDTA. The cresol red indicator was excluded since a pH 
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Colorimetric Procedure,for Cd++: 
According to E. B. Sandell (7), the following procedure was 
followed: 
"In pure solution or in the presence of the Alkali and Alkaline 
Earth Metals, Aluminum, Manganese, Iron, Arsenic, Antimony, Zink, Lead, 
Bismuth, and Tin. The solution may have a volume of 5-10 ml. and may 
contain 3-30 ~m. of cadmium. Add an equal volume of 10 per cent sodium 
hydroxide solution to the approximately neutral sample solution which 
has been treated with sufficient sodium potassium tartarate to keep 
metals precipitated by alkalies solution (5 ml. of 20 per cent sodium 
potassium tartarate suffices to prevent the precipitation of 50 mg. of 
iron). Extract in a separatory funnel with small portions of .005% 
Dithizone until the last portions become colorless. Collect the 
extracts in a separatory funnel, and wash the extracted aqueous solu-
tion with a few millimeters of carbon tetrachloride. Shake the carbon 
tetrachloride extract with two successive portions of 2% sodium hydroxide 
solution having approximately one-half the volume of the carbon tetra-
chloride, wash once with a small volume of water, and transfer the car-
bon tetrachloride to a small volumetric flask and make up to volume with 
the same solvent. Measure the absorbance at 520 m~ 11 Figure II shows 
++ the working curve of Cd versus absorbancy. 
o. l 
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